STUDIES THE RAMAN EFFECT ORGANIC SUBSTANCES. 
RAMAN EFFECT HOMO-CYCLIC COMPOUNDS. 


Kichimatsu MATSUNO and Kwan HAN. 
Received October 14th, 1935. Published April 28th, 1936. 


Introduction. 


the Raman spectra homo-cyclic compounds, several investigations 
have been carried out the monocyclic compounds, such benzene cyclo- 
hexane and their derivatives”, but comparatively few papers the con- 
densed ring compounds have been published. Naphthalene and its halogen 
and alkyl substitution products have been studied Ziemecki® and 
and some hydrogenated derivatives Bonino and and 
Mukerji®. The experimental data indene have been reported recently 
Bonino and the present investigation, the studies the Raman 
spectra benzene, cyclohexane, indene, naphthalene, tetrahydro-naphthalene, 
and decahydro-naphthalene have been repeated and the studies have been 
now extended the condensed tri-cyclic and tetra-cyclic compounds, such 
tetrahydro-acenaphthene, decahydro-acenaphthene, decahydro-pyrene and 
perhydro-pyrene, which have not been reported hitherto. 


Experimental. 


Most the substances used were kindly supplied Dr. Kageyama 
the Fuel Research Institute Navy Tokuyama, excepting naphthalene 
and indene. Commercial pure naphthalene (Merck’s) was repurified 
means recrystallization (from alcohol) and sublimation. The alcohol solu- 
tion (4/100 mol) and benzene solution (ca. 5/100 mol) naphthalene were 
used the experiments the Raman spectra. indene, the chemically 
pure substance, made Takeda, was fractionated over metallic sodium. 


(1) Kohlrausch, ‘‘Smekal-Raman-Effekt”, 223, 328. Dadieu, Kohlrausch, and 
Murray and Andrews, Chem. Physics, 400; (1934), 119. 

(2) Ziemecki, Physik, (1932), 126. 

(3) Gockel, physik. Chem., (1935), 79. HALL 

(4) Bonino and Cella, Atti accad. Lincei, (1931), 784; (1932), 572. 

(5) Mukerji, 134 (1934), 811. 

(6) Memoria dei Prof. Bonino Dott. Ansidei letta alla Accademia delle 
Scienze dell’ Instituto Bologna, 1934. 
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All the substances were redistilled over metallic sodium before use. The 
distillation being carried out vacuum except the cases benzene 
and cyclohexane. The physical constants measured Dr. Kageyama and 
the boiling point observed our laboratory are tabulated The 
Raman spectra were photographed with spectrograph three 
About each substance was used. The Raman spectra decahydro- 
pyrene and perhydro-pyrene could hardly obtained without the use the 
filter solution. The data for them seem incomplete account their 
strong back ground the plate, which can not removed even under the 
filtered mercury light. The experimental results are shown Tables 
The numbers the Raman lines (n), the number the plate, and the con- 
ditions under which the spectra were taken, are indicated Table 


Table Physical Constants the Substances. 


Substance B.p. °C./mm. (He)* 


Benzene 80.5/760 
Cyclohexane 80.7/760 80.7/760 1.4250 
Tetrahydro-naphthalene 1.5410 
Decahydro-naphthalene 63/9 68/14.2 1.4770 
Tetrahydro-acenaphthene 98/5 1.6582 
Decahydro-acenaphthene 1.5016 
Decahydro-pyrene 162-163/5.4 1.5782 
Perhydro-pyrene 164/10 1.6225 
Indene 62/10 


Boiling points shown the first column were observed our laboratory. 


Table 


plate mm.) (°C.) 


Substance 


135 
160 
273 
274 


Benzene 


(7) This Bulletin, (1934), 328. 


0.8853 
0.9666 
0.8847 
1.0115 
0.9456 
1.0553 
0.9875 
0.9813 
No. 
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Table (Concluded) 


Substance table plate (10-? mm.) (°C.) 


Cyclohexane 


Indene 


Naphthalene (in Alcohol) 


Naphthalene (in 


Tetrahydro-naphthalene 


Decahydro-naphthalene 


Tetrahydro-acenaphthene 


Decahydro-acenaphthene 


166 


Decahydro-pyrene 
167 


235 


Perhydro-pyrene 
236 


solution sodium nitrite was used the filter. 


1936] 
130 
131 100 
277 
278 
155 
279 
280 
281 
153 
276 
159 
217 15* 
164 
162 
16* 
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Table Benzene. 


vo— 


401(p-3049) 
p-3064 

604 
(e+ 992) 

606(k-795) 
848 

981 

993 

840(k-1029) 
k-1174(i-985) 
992 

i-1177 

k-1604 
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vo— dv 


685(k-2452) 
856 
985 
992 
992 
980 
993 
e-1180(k-2947) 
k-3051 
i-2949 
k-3186 
i-3053 
e-1586(i-3164) 
e-1606(i-3184) 
e-3051 


3166 (2b) 3186 (3). 


Table Cyclohexane. 


q-2853 


324 
No. v | No. v I | 
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Table (Concluded) 


dv vo— Av 


g-1023 

380 k-2697 

427 

801 k-2762 

801 e-1026 
k-2860 
k-1028 
k-1155 k-2885 
i-1027 

e-1265(i-2843) 
k-1407 i-2887 
k-1444(i-1255) 
f-1442 
k-1483 e-1404 
e-1424 

202 

802 

833(k-2600) 
k-2629 e-2921 

k-2664 
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| No. v | I | 
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Table Phenyl-cyclohexane. 


24292 413(p-3061) 22502 436 
24268? 437 22178 460 
24239 466(i-277) 22317 621 
23965 740 22197 741 
772 22165 773 
23878 827 22130? 865 
23868 837 22111 827 
23842 863 22097 841 
23811 894 22077 861 
23710 22044 894 
23674 21943 995 
23658 k-1047 e-1001 
23626 k-1079 21909 e-1029 
23587? k-1118 21889 e-1049 
k-1132 21854 k-2851(e-1084) 
23549 k-1156 21814 e-1124 
23528 k-1177 e-1131 
23506 k-1199 21785 e-1153 
23426 k-1279 21740 e-1198 
k-1351 21656 e-1282 
111 21498 e-1440 


cmon & 


21341 
21330 
20086 


Studies the Raman Effect Organic Substances. 


Table (Concluded) 


e-3060 


1121 


1229(4); 1262(4); 1281(6); 1297(1); 1349(1d); 1440(5); 


1574 


WNW 


Nook wn re © 


Table Di-cyclohexyl. 


1156 


24435 
24345 
24268 
24244 
23938 
23920 
23859 
23746 


23702 
23622 
23543 
23508 
23463 


vo— 


Vo— Av 


260 

437 

461 

486 

767 

785 

802 

846 


22137 
1(d) k-1197 
k-1242 22044 
4(b) k-1264 21980 
21986 


k-1445 
k-1493 
i-1350 
102 
139 
171 
246 
318 
364 
384 
459 
484 
512 
765 
787 
801 
846 
958 
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Table (Concluded) 


I vo— Av 


1083 (5) 1118 (3d) 1160 (3d) 1199 (2b) 1240 (2) 1267 (6d) 1498 (1d) 


Table Indene. 


23638 22347 591 
23554 22177 761 
23499 k-1206(i-1017) 22108 830 


Wh 


aon. 


328 
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Table (Concluded) 


k-3113 

i-1587 


Table 8(a). Naphthalene (in Alcohol). 


e-1098 
k-2972 


i-1379 


329 
| | | 
204(3d); (379)(2); 391(2); 591(6d); 730(10); 762(3d); 
(841) (2) 860 (5) (912) (1d) 923 944 1018 (10) 1067 (6) 1110 (6b,d) 
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Table (b). Naphthalene (in Benzene). 


24225 980 
24191 21945 993 
24101 
23941 21788 e-1150 
23857 21654 
23724 
23712 e-1383 
23527 e-1464 
23323 21449 e-1489 
23241 £-1576 

e-1578 
22424 e-2948 
22328 19887 e-3051 
22174 


cononrk 


(Naphthalene) 514 (6); 764 (6); 778 (1)?; 1028 (4); 1382 (8); 1464 (4); 

1577 (8). 


Table 


728 
808 
873 


wn = 


330 
~ 


23782 
23714 
23691 
23664 
23634 
23589 
23541 
23498 
23473 
23415 
23402 
23358 
23344 
23320 
23269 
23251 
23240 
23194 
23121 
23103 
22819 
22774 
22669 
22620 
22503 
22480 
22428 
22354 
22234 
22210 
22191 
22173 
22130 
22117 


22066 


4(d) 


(941) (2d) 


3029 (3d) 


117 (5d); 
585 (6); 704 (3); 


1301 (4); 


164 (6b, d); 
728 
1360 (5); 


Table 


vo— 4v 


734 


802 
825 
k-1041 
k-1071 
k-1116 
k-1164 
k-1207 
k-1290 
k-1303 
k-1361 
k-1436 
k-1465 
256 
k-1602 


119 


164 
269 
318 
435 
458(f-515) 
510 
584 
704(f-761) 
728 
765(f-822) 
808 
821° 
872 
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22031 
21987 
21948 
21927 
21898 
21867 
21839 
21819 
21773 
21734 
21700 
21678 
21660 
21640 
21626 
21595 
21579 
21553 
21505 
21488 
21442 
21355 
21335 
20073 
20053 
20023 
19998 
19958 
19937 
19907 
19895 


267 (4d); (318) 


2(b, 


2(d) 


& 


- 
— 


o(b, d) 


436 


907(k-2674) 


f-1068 

e-1238 

k-3027 
k-3045(f-1335) 
i-2890 

e-1359 

e-1603 

f-3037 

f-3058 


457 (4); 511 (4b); 


1435 
d); (2713)(2d); 2866(6); 2885(6); 2914(3d)?; 2994(6b); 
3044 (5). 


1205 (8) 


1463 (3) 


(1496) 


331 
3(b, 
2(d) 6(b) 
6(b) 
6(b) 
5 8 
3(d) 
3(d) 
6(d) 
5(d) 
6(b, 
4(d) 
4(b) 


3(bb, 


3(d) 


3(bb, 


Matsuno and Han. 


Table 10. Decahydro-naphthalene. 


No. 


22445 
22337 
22233 
22199 


11, No. 


3(bb, 


289) 
331 

358(i-164) 

409 

488 

601(i-412) 

751 
758 
803 
857 21949 
877 

k-1060(i-871) 
k-1259 
494) 21690 

412) 21678 

21661 

152 21570 

172 21487 

297 20280 

328 20082 

359 

381 
408 

442 


22187 
22178 
22136 
22082 


760 
802 
856 
876 
k-2664 
930(f-987) 
978 
989(f-1046) 
e-1019 
e-1047 
e-1061 
k-2896 


3(b, 


e-1176 

f-1284 

e-1451 


2916 
4). 


332 
24416 796 
24374 751 
24352 
23482 
1(b, 
a 
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Table 11. Tetrahydro-acenaphthene. 


I | Yo —Ay 


130 22690 248 

220 22536 402(f-459) 

569 22348 590(f-647) 
592(i-403) 22331 607 

606 22288 650 

649 22215 723(k-2490) 
761 22172 766 

797 22138 800 

858 22080 858 

21908 

21877 

i-1018 21843 
21822 e-1116 
21779 e-1159 

i-1132 21764 

21752 

i-1158 21716 
21689 

21659 

21504 

165 21328 


WN 


nore 


333 
24575 
24548 
24485 
24453 
24302 
24251 
24199 
24136 
24113 
24099 
24056 
23944 
23908 
23866 
23847 
23764 
23610 
23678 
23550 
23498 
23453 
23429 
23384 
23276 
23254 
23097 
22808 
22773 
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Table 11. (Concluded) 


20000 5(b, e-2938 


568 (8); 591 (5); 607 650 (10); (723) 799 (3); (826) (1)?; 
1157 (3); 1185 (6d); 1250 (3); 1278 (5d); (6d); 1452 (6); 
2940 (5b, d); (3069) 


Table 12. Decahydro-acenaphthene. 


828 
p-2931 858 
p-2949 872 
325 22506 432 
354 22488 507 
431 22443 495 
621 22373? 622 
721 22343 595 
854 22215 
950 22182 756 
22129 809 
22105 k-2600 
i-1028 22084 854 
22028 910(k-2677) 
22011 
k-1450 21957 
k-1479 21913 
177 21870 


| 
q 
334 
q 
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Table 12. (Concluded) 
| 


1025 (4); 1068 1096 (6b, d); 1161 (0); (1212) (1)?; 
1289 (5b, d); 1371 (5b, d); 1448 (8d); 1481 (2677) (2)?; 


Table Decahydro-pyrene. 


318 21599 e-1339 


WON 


587 (2b); (614) (1); (642) (810) (891) (4); (1061) (6b, d); (1097) 
(3d); 2826 (4); (2bb,d); (3). \1450 (6d) 


335 

No. 

| | | 
| 
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Table 14. Perhydro-pyrene. 


vo— 4v | No. v vo— Av 


22076 862 
364 21929 
k-1442 21906 


wn re 


(4b); 490 (1); 563 (3); 634 d); 698 (1d); 743 (4); 
862 (2); (969) 1009 1032 (1056) (4); (1092) (3); (1148) (4b, d); 
(1159) (3b, d); 1217 1229 (4d); 1248 (3d); 1291 (1b, d); (0); 1348 (1); 


Discussion. 


The Raman spectra benzene and cyclohexane have been studied 
several especially Wood and Collins® with the improved arrange- 
ment. The so-called Raman spectrum has been 
published Grassman and Weiler®. .In the present experiments the long 
exposure hours has been tried with cyclohexane order obtain 
complete Raman spectrum the substance. The result compared with 


(8) Wood and Collins, Phys. Rev., (1932), 386. 
(9) Grassman and Weiler, Physik, (1933), 321. 
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(9) 


1936] 337 
(1) Benzene 
(2) Cyclohexane 
Phenyl-cyclohexane 
(4) Di-cyclohexyl 
(5) Indene 
(6a) Naphthalene (in benzene) 
(6b) Naphthalene (in alcohol) 
(7) Tetrahydro-naphthalene 
(8) Decahydro-naphthalene 
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those obtained and Wood and Collins® shown Table 
15. Four new lines corresponding 1405, 1425, 1465, and 1485 are 
found accompanied with the deformation frequency the 
These lines are very weak and appear the equal intervals about 
shown Table and Table 15, some other new lines 22171, 22154 


Table 15. Comparison the Results with Cyclohexane. 


Krishnamurti| Wood, Collins Matsuno, Krishnamurti| Wood, Collins} Matsuno, Han 


425 (1) 422 (3) 425 (4) (0) 2347 
695 (0) (699) (2b,d)? 2462 (0) 2463 
802 (10) 801 (10) 802 (10) (2600) 
(833) 2630 (0) 2626 (0) 2628 (3) 
992 2662 (1) 2661 (1) 2663 (5d) 
1028 (8) 1026 (8) 2696 2693 (0) 2697 (3) 
1154 (4) 1154 (4) 2750 (0) (2762) (0)? 
1266 (5) 1264 (8) 1264 (8) 2852 (8) 2849 (10) 2850 (10) 
1344 1342 (2) 1342 (3) 2889 (1) 2880 (1) 2885 (2) 
1404 (0) 2922 (8) 292) (10) 2920 (8) 
1424 2938 (8) 2934 (10) 2937 (8) 
1444 (5) 1442 (10) 1444 (10d) 


(10) Krishnamurti, Indian Physics, 543. 


338 
(10) Decahydro-acenaphthene 
(11) Decahydro-pyrene 


1936] 


vestigators. 


764 


850 

2308 
224 
418 
772 
839 
1406 


+0, = 1408 


Table 16. 
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and are observed also very weak. These lines may correspond 
the shifts 767, 784 and 833 respectively, when they are assumed 
have been excited the 22938 mercury line. 
however, with the shifts 2534, 2552 and 2600 respectively, when 
they are assumed have been excited the mercury line. 
The assignments these new given the experiments done 
the longer exposure and using the filter. 
lines 382, 425, 802, 1026, 1154, 1264, 1342, 1444, 2628, 2663, 2697, 2850, 
and 2937 cyclohexane have been observed nearly all in- 


ascribe most the intense lines these Raman shifts, i.e., 
the Raman-active fundamentals, most the other weak lines may pro- 
bably associated with the harmonic the combination frequencies these 
fundamentals, shown Table 16. 


These lines coincide, 


The other intense Raman 


339 


2528 

2684 

2888 
2468 
—@, = 2538 
2655 
Wg +W, = 2606 
+0, = 2708 


Table 17, Raman frequencies cyclohexane, methyl- and 
cyclohexane, di-cyclohexyl, decahydro- and tetrahydro-naphthalene, tetra- 
hydro- and decahydro-acenaphthene are tabulated. The shifts associated 
with the benzene ring are excluded from this table. 
hexane, observed are cited for comparison. 


(11) Godchot, Canals, and Cauquil, Compt. rend., 194 (1932), 176. 


Data methyl-cyclo- 


(2534) 
2697 
2885 


2466 
(2534) 
(2552) 
(2600) 
2697 


(767) 
202 
(784) 
(833) 
1405 
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Table 17. Raman Frequencies associated with the Cyclohexane Ring. 


360 
392 380 381 
444 411 

437 

460 


775 741 
773 


799 (809) 
(826) 854 
858 

(872) 


1267 1249 1236 
1260 


1289 
1275 


1351 1353 1338 1371 
1369 


1446 1452 
1451 


All the fundamental frequencies cyclohexane appear also its mono- 
substitution products, viz., methyl-, phenyl-cyclohexane, and 
fundamentals, such those ca. 440, 845 and 1037 which appear 
the mono-substitution products, have higher values than cyclohexane 
itself. This seems indicate that the introduction the aromatic the 
aliphatic radicals has the effect raising the force constants, sharpen- 
ing the valency angle. Further, when take tetrahydro- and decahydro- 
naphthalene the ortho-di-substitution products cyclohexane, find 
that most the frequencies appear equal among these two substances, ex- 
cept the shift denoting which disappears the case tetraphydro- 


q 
356 
882 (372) 
425 432 
746 
766 
802 845 827 801 802 808 
896 839 846 856 822 
862 876 872 
894 
971 (925) 958 (932) (907) 
890 (941) 
1026 1038 1048 1038 1047 1040 1030 1025 
1175 1170 
1385 
1463 
4 


Studies the Raman Effect Organic Substances. 341 


naphthalene. The frequencies correspending the fundamentals the 
cyclohexane ring appear also tetrahydro- and decahydro-acenaphthene 
which may lead the consideration that they are 1,2,3-tri-substitution pro- 
ducts cyclohexane. 

The displacement the spalting the fundamental frequencies, 
and and the decrease the intensity phenyl-cyclohexane and 
dicyclohexyl may attributable the disturbance the symmetry the 
cyclohexane ring the adjacent benzene cyclohexane ring, while the 
displacement the spalting and tetrahydro- and decahydro- 
naphthalene may possibly attributable the existence the isomers, 
besides the cause explained above. 


915-965 the valency frequencies the linkage. 
The fact that the frequencies these regions are also observed 
cyclohexane, dicyclohexyl, tetrahydro- and decahydro-naphthalene, tetra- 


hydro- and decahydro-acenaphthene which have the linkage seems 


offer another verification for (Table 17). 

may consider phenyl-cyclohexane mono-derivative, indene, 
naphthalene and tetrahydro-naphthalene di-derivatives (ortho), tetrahydro- 
acenaphthene tri-derivative (1:2:3), and decahydro-pyrene tetra- 
derivative benzene. the case phenyl-cyclohexane, the 
frequencies 621, 1002, 1030, 1175-1198, 1597-1608 and 3062 are 
taken the characteristic lines the mono-derivatives benzene, corre- 
denoted Dadieu, Pongratz and These frequencies cor- 
respond also those 611, 833, 994, 1022, 1191, 1589-1609 and 3047 
diphenyl which have been observed Dadieu and Kohlrausch and 
The lower values the Raman frequencies than 
phenyl-cyclohexane may attributable the mutual effect the benzene 
ring. 

Dadieu, Pongratz, and Kohlrausch have reported that the di-derivatives 
benzene (ortho), only the frequencies 3060 and appear 


(12) This Bulletin, (1935), 220. 
(13) Dadieu, Pongratz, and Kohlrausch, Monatsh., 253. 
(14) Kohlrausch, 1931, 332. 
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constantly, while 616 and disappear occasionally. They have 
concluded also that the Raman line corresponding ca. 
appears intensely and that corresponding 1000 disappears the ortho- 
di-derivatives benzene. have also reported thai the frequencies 
1000 and disappear the cases ortho-di-derivatives, such 
phthalates, salicylates, and interesting that the 
cases indene, naphthalene, tetrahydro- and the 
disappearance the frequencies 616 and would indicate that 
these substances have the characteristic Raman spectra the ortho-di-sub- 
stitution products benzene. The appearance the intense line corre- 
sponding 1040 tetrahydro-naphthalene, 1047 dihydro-naphth- 
alene, 1017 indene, and 1026 naphthalene indicates also the character 
the ortho-di-substitution products benzene. 

tetrahydro-acenaphthene the disappearance 1000 and the ap- 
pearance 607, 650, 1157, 1609 and 3043 may correspond 615, 
668, (1154), (1596), and 3036 xylenol and 611, 671, (1161), 
1582 and 3050 xylidine The appearance the intense 
lines corresponding 650 tetrahydro-acenaphthene, 654 
668 xylenol and 671 xylidine seems characterise the 
tri-(1 3)-substitution products benzene. 

Thus, the case phenyl-cyclohexane which can considered 
mono-substitution product benzene one hand, and that cyclo- 
hexane the other from the chemical constitution, the Raman frequencies 
can classified into groups, one due the benzene ring, viz., 621, 
839, 995, 1002, 1030, 1198, another due the cyclo- 
hexane ring, viz., 380, 437, 827, 862, 1048, 1155, 1262, 1349 and 
and the rest due the combination frequencies, such 277, 741, 773, 894, 
1082, ete. the frequencies above well known that the 
frequencies 2852 and are attributable the valency frequencies 
the aliphatic C-H bond and 3062 the bond. 

with the benzene ring, @4, @7, those associated 
with the cyclohexane ring. will obvious from the figures, some the 
frequencies the region ca. 850 and can considered due 
the benzene ring well the cyclohexane ring. 


(15) This Bulletin, (1934), 87. 
(16) Bonino and Cella, Atti accad. Lincei, 572. 
(17) Kohlrausch and Pongratz, Monatsh., (1934), 


i 
q 
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Fig. 


the same way, may consider tetrahydro-naphthalene, tetrahydro- 
acenaphthene and decahydro-pyrene the substitution products benzene 
well cyclohexane, mentioned above. these cases, the possible effect 
the condensed ring may the displacement disappearance spalting 
the lines. 

noted that the frequency ca. 491 appears decahydro- 


naphthalene, decahydro-acenaphthene, and perhydro-pyrene which have the 


naphthalene, tetrahydro-naphthalene and tetrahydro-acenaphthene which 


100 200 300 400 500 600 700 800 90 100 1100 1200 1300 1400 1500 1600 
a 
a 
4 \ 
4 
> 
jo, fo, 
4 (in 
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also all the condensed ring compounds, except naphthalene. The fre- 
quency appears the case dihydro-naphthalene, tetra- 
hydro-naphthalene, tetrahydro-acenaphthene and decahydro-pyrene. 


The fact that the more complicated Raman spectrum obtained the 
case indene than that naphthalene may explained the reasons that 
naphthalene has the higher degree symmetry than indene and that naph- 
thalene has been observed solution while indene liquid state. inter- 
esting that the doublet 1583 and appear benzene, and 1576 
appears naphthalene which may considered the resonance between 


Va 


the two forms, thatis: Bright has explained 

the doublet 1587 and the Raman spectrum benzene 
the basis quantum mechanical resonance between and 
the case naphthalene, the disappearance one the 
doublet benzene, mentioned above, may reasonable, for and 
not occur naphthalene. remarkable that, besides the 
frequencies 1587 and very intense line corresponding 
appears From the fact that only the line 
may consider that the frequency indene may correspond 
that and the existence the other two 
lines, viz., 1587 and 1609 associated with the benzene ring. Con- 
sequently, the molecule indene can considered the derivatives 
benzene well cyclopentadiene, which corresponds the normal ex- 


pression the chemical formula: Ithas assumed, however, 


this case that the frequencies which associated with the 
benzene ring little influenced the condensed ring the case naph- 
thalene and tetrahydro-naphthalene, while that which 
associated with the cyclopentadiene ring considerably influenced the 
condensed ring. Since the frequencies 1585 and have been 


(18) Murray, Chem. Physics, (1935), 59. 
(19) Bright Wilson, Phys. Rev., (1934), 146. 
(20) Truchet and Chapron, Compt. rend., 198 (1934), 1934. 
(21) Médard, Bull. soc. chim., (5), 


344 


1936] Studies the Raman Effect Organic Substances. 345 


also observed seems reasonable consider the molecule 
indene derivative benzene well cyclopentene, that is, the 


existence the form can also considered. Consequently, the 


existence the two forms more probable, that is| 
the case naphthalene. 


Summary. 


The Raman spectra the following substances have been measured 
benzene, cyclohexane, phenyl-cyclohexane, indene, naphthalene, 
tetrahydro-naphthalene, decahydro-naphthalene, tetrahydro-acenaphthene, 
decahydro-acenaphthene, decahydro-pyrene, and perhydro-pyrene. 

Raman spectrum cyclohexane has been obtained. 


Considering phenyl-cyclohexane, tetrahydro-naphthalene, tetrahydro- 
acenaphthene, and decahydro-pyrene the substitution products benzene 
well cyclohexane, the Raman frequencies these substances have 
been classified into three groups, e., the first due the benzene ring, the 
second due the cyclohexane ring, and the third due the combination 
the two. 


The disappearance 616 and the di-derivatives 
(ortho) benzene has been confirmed even the case the condensed ring 
compounds, such indene, naphthalene, and tetrahydro-naphthalene. 


has been explained. 
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for his supply the samples. The express their indebtedness Ass. 
Prof. Nozoe for his kind advices. part expenses this experiment 
was defrayed from grant given the Nippon Gakujutsu-Shinkokwai, 
which thanks are due. 
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Introduction. Although some investigations have been made the 
ultraviolet absorption spectra benzene and its derivatives vapour state, 
little progress has however been made this direction, since these results 
rest always assumption, that (0.0)-band the most intense, applying 
the intensity distribution Frank-Condon principle vibration bands 
excited state. However, certain spectroscopic data (Raman and infrared) may 
identified with the normal frequencies vibration, which the above- 
mentioned assumption may proved experimentally, provided that (1.0)- 
bands the ultraviolet absorption are known. Unfortunately these data are 
not yet obtained for reason complications bands and the feeble intensity, 
the band wave number room temperature being less intense 
than (0.0)-band amount 10% from calculation Maxwell-Boltzmann’s 


energy distribution law. Author’s attempts have however been made with 
considerable success, obviating this difficulty purification the sample, 
and comparison number plates which were taken good experi- 
mental conditions. 

This paper contains the results the spectroscopic investigation 
vapour the following mono-substituted toluene, chlorobenzene, 
bromobenzene, phenol, aniline, benzaldehyde, and benzonitrile. 


Experimental. The samples, supplied purest’’ Kahlbaum, were 
repurified several fractional distillations under reduced pressure until the 
distillation temperature became constant with accuracy higher than +0.05°C. 
The absorption vessels were cylindrical glass tubes 15-60 em. long with quartz 
windows cemented on. The apparatus, which the sample was cooled with 
liquid air, was first evacuated oil pump, and then opening cock 
was filled with vapour the sample suitable pressure which was 
measured mercury manometer. water-cooled hydrogen discharge 
tube constructed have powerful intensity was employed source 
the ultraviolet radiation. exposure minutes one hour was 
found sufficient, the slit-width being 0.02mm. The spectra were photo- 
graphed Hilger and also spectrograph. The iron was used 
comparison. 
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Results. Table 1-7, the experimental data are given with the wave 
number shifts” Raman. The figures brackets give the relative intensi- 
ties the spectra, indicating diffuse band. 

Discussion these results will given another place. 


Table Toluene 


Wave length Wave number Frequency Wave number 
air (A) vacuo separation shifts Raman 


(d) 786 (4) 
27126-45 36854 622 (2) 
36960-36 520 (2) 
26915 37143 333 (2) 
26675 37477-60 


Table Chlorobenzene 


704 (8) 
615 (6) 
418 (8) 


36328 
36390 
36682 
36712 
36771 
36996 


Table Phenol 


28134 813 (3b) 
27962 35752 614 
35828 526 (2) 
27671 36128 235 (2) 
27498 36356 


(1) Kohlrausch, Der 1931. 


27501 36353 701 
36436 618 
27286 36638 416 
27519 668 670 
27472 606 608 
27253 315 314 
27231 285 
27187 226 
27021 


air (A) 


Wave length 


30292 
30255 
30100 
29838 
29742 
29575 
29374 


Masaki. 


Wave number 
vacuo 


33002 
33043 
33213 
33505 
33613 
33803 
34034 


29242 

29122 

29030 

23940 

28911 
28747-85 (d) 
(d) 
28478 

28406 


Table 


34437 
34544 
34579 
34776-30 
35105 
35194 


Table 


28155 
27846 
27793 
27758 (d) 
27726 (d) 
27377 


35507 
35901 
35970 
36015 
36057 
36516 


Frequency 
separation 


1032 
991 


Benzaldehyde 


418-464 

224-240 


1009 
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Wave number 
shifts Raman 


(5) 
993 (10) 
813 (5b) 
(3) 


233 (3) 


1001 (8) 
(3) 
752 (0) 
648 (1) 
615 (3) 
439 (4) 
239 (1b) 


998 (5) 
619 (1) 
545 (1) 


460 (1/2) 


348 
529 
421 
231 
| 0 | 
1007 
757 
650 
615 

616 
459 
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The interchange equilibrium the reaction, 


has recently been studied experimentally Gillespie and 
calculated the equilibrium constant from existing spectroscopic data and 
found excellent agreement with the experimental value. 


term molecular constants. Assuming that the rotational degree 
freedom fully excited and, according that the interatomic 
potential energy not affected isotopic replacement, have 


—— 


3n -5(6) 1 -5(6) 1 8n-5(6) 8n-5(6) 


hyo hv 


for water molecule. The present calculation was based the following 
spectroscopic 


(1) Reyerson and Gillespie, Am. Chem. Soc., (1935), 2250. 

(2) Reyerson and Gillespie, (1936), 282. 

(3) Urey and Rittenberg, Chem. Physics, (1933), 187. Urey and Greiff, Am. 
Chem. Soc., (1935), 321. 


Moment inertia 


Fundamental 
frequency 


Hirota and Okamoto. 


23.50 


1974 
3288 

729* 


27.90 


33500) 

1860 

2550 


2.07 
3.10 


[Vol. 11, No. 


HDO 


3756 
1596 


3750 
1403 


618* 679* 


Twofold degenerated. 


Anharmonicity constants were taken from Mecke’s for H,O 


and from Herzberg’s for for HDO and were computed 
from the original data are given below 


HDO 


Sy 
0 


obtain therefore from expression (1) 


0.434 
with 0.62 25°C. 


(4) Herzberg and Spinks, Physik, (1934), 386. 

Sutherland, Nature, 134 (1934), 775. 

(6) Randall and Sleator, Phys. Rev., (1934), 124. 

(7) Barker and Sleator, Physics, (1935), 660. 
(8) Herzberg, Patat and Spinks, Nature, 133 (1934), 951. 
(9) Macke, Phys., (1933), 445, 465. 

(10) Herzberg and Funke, Phys. Rev., (1936), 100. 


350 
| Ve | 


1936] Interchange Equilibrium between Acetylene and Heavy Water. 351 


The last term the expression gives small correction arising from the 
small deformation frequencies acetylene molecule. 

for the equilibrium (1) can readily combining (3) and 
the constant K,, the equilibrium, 


H2Ogas + = H.O\ig + HDO gas 
determined one the have finally, 


The agreement with the recent experimental data 25°C. 
satisfactory. 

One could also use other sets frequencies due different authors 
given below 


Fundamental freq. Harmonic 


3370 

1975 

3277 
729 
600 


Twofold degenerated. 


The result nearly unaltered replacing water with those due 
Clusius and Bartholomé 0.62) whereas one obtains 0.66, 
Mecke’s value for acetylene were used instead Herzberg’s. Assignment 
has been frequently under the discrepancy the frequency 
between these authors being the chief cause the above difference theore- 
tical values. Our result favour the assignment rather 
than agreement with Morino’s theoretical results. 
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(11) Horiuti and Okamoto, this Bulletin, 282. 

(12) Mecke, physik. Chem., (1932), 

(13) Farkas, Trans. (1934), 1071. Clusius and Bartholomé, 
Elektrochem., (1934), 529. Teller, Det Kg. Danske Vidensk. Selskab, 

(14) Morino, Sci. Pav. Inst. Phys. Chem. Research, Japan, (1934), see 
Morino and Mizushima, Physik. Z., (1935), 600. 


HDO 
3844 
1424 


